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f mi 



i ill jjJJ Ij-Ju I jLJl o N 

Sj ^LiM Ijji u_~*Ju L^j^i ctUi ^ j i Lj bJLi^ l L&Lwl ^p jl — J V <ui 

. aJj^ flLi-l aJLp (_siJl jS/l) b- 5 j£ La jLipL a*aaNIj 

bgJU- sLJ-l A_^b*- Jp_j j-i <tpj^ ( _^ p o jb-P 

*zJ\j* ^ o j*SJU!l l£^ '^t > ~ '•^ i l ajjn^j L^JlSCil iilSv 

jJL*j N A-IjJlI o y **!. I t A^jLsM aIwpUJ -L-P 

Sj4j-I ^£Sl ^ijb*ju*L* iiJjJl Ig-JI j^j L41— Ij^ 6 UpUs L^i^S 

oJLa At ij*_*-LiJl oLsL™*JJj ,>L*j^U I jiij Ij^-kjj Lij ii^^Ail J-^^JI 

• j^' ^ a **’ f _pr^' 

j- SJLJjJI aJ jjJil Sj-^Lnil 4 ..../?l ../o.:.>-MI caL^IjJl)! Ui jl«J 


Photo- jj jaJ ' ) ■ ■■ t aImaxLI Aj^- ^ l^-l o l tf ^ 

OjjjSJI) j^-JJI ^bj (Chromosphere jJl^ y>j ^ 5 Jl) Lr *J-Ji yryj (sphere 

. (Couronne 


JsLJLjJI oLJLajsJI Jj j-*-* “W * jj ijj^ull ob»ljjJl UJ o»>-IjI i o ^ 

ys ji JSLi jJl AJ^L*_aJI bJjj»w« y*-J>j i ^ ~o — t Jl Ift J $ ...T ,_^JI AjjjJJI 

aj_^ < oJt ^ • * j *«J J Parsecs tiL-^L * — aJt T • ( Jl^ « J jl> -LjJa JjU 

bb jLt 0 • * * j (bL*jlj ^ * • * l) y~ ^ A«1 a~" J aSL <> . — >ij ^ ' ^AjJ yfi 

^,n\x u \* pS :^UJj>i)liJI(') 


-r- 


\ * * jXaj V Bulbe a Ivj J L ^j_P Jv> ^JUl Iaj-Sj_* 

iw- <will T A <JL*wa ^ c$-*J * j ~- K ^ A 

I'-LaoJ ^1 oLJ. 1 of ^jj -X J53i - ( JU-ill aL^U) £y>»ll j-£ j^» ^ 
jSf I c-o t£J LaM jJ 4 jU 4 j^jLS \ l ^ 1 * * * * * Jl J^j 
jSSi} i^~J 0 _^J 0 ^ tAi t Sij^Jl xxi \*£ jS 

La JU^- tjwliiJIj wll531 L^Lp|jj| q* 

J^Iju V L^ J-flJ t LjJ> oi^J Uj ftl i T — >->- J5 4_oh_kil ^Lpj^pj^i J3^\ ^ 
tubuj — m oLajJ (3^j V jl t ’ibi* ^ fr Li « /aH ol — U - 

*Li-Jbj| j-U jl*j iJLilaJl LjJLA-il S:> N li- j t ^L r ^i\ ^ U k^j jJJl 

Ijjp L^jl L $S 4 Lu? j & J ojij^-lj jt ^a-^ L Ljj| * <***(Li!l 

^jUnlIj t ijjJU *1 jjVi uwi^ 4 <Cw^Jl Jj^o«3 ^Ls wUvL^ 

dijil JuiJj 4 0^^531 ^la-^ j^U- 5 JjL-JI <r^Ldl Jpj j_*LU_j t_ij jlaJJ ij~i? 

ijljJi l ) ^JjLjJl ijA*- > <1)1 4j>- jjJ 4 aL^M _XL* l OL^jVI 

UL> jJ LJlI? ^jvt^Jl dJ ^J-Lj 0 J.i- w. u LgJ| LAlX-P ^ HjZj 

, a^53l a jjia^ll alJ-l l ^ C^Jl^ JiJj t Ig^LiJ 


jj! Jjs^iJj I LaaUjIj j .^.1.1 1 ^ 

t aJ( ^llJl J j\> Jxi^ ^ OyJ! l^a A^-jjJ OL^iJlj 

la ^ti J S-jjjli i*ki) i >- ji <-o./i' i ^jLp ^^Ik)! Ujlai JjJ» 

J-^*j Ol jliJI y^A* a ^ jjP (_?*-* 1 I ^ 0 ' 4 Cf* 

a ^531 JaS Jjb ^JLjwM \ ^ j-^3 * * • Jt ^yLa-flJI U^k» J jl* 

Jl j*u Lk*Sj**» y >—^1 jZ Jabuj ‘•<r^ 


1 1 ^e J» t-Ait V • * J ^y> toy* Vi 0 

i_5 y>*Jj toy TTT * * * y \J^ ^i'y ^ S Op *iUi ^»j 


V 1 ' •■ ArrT 1 > ' * : •tfj'-f > jVi ^ ( \) 


^ ^ LAa-**^ j_j II 

£ ^ j Xja AT U*jJS A^jly ( J^ jy*^* t'J^' Jj^ t jrf-*iJl ^ -ulx^ll 

w>UjLj syrj t Lk-**j ^ Lg-X J>>- LjjIjj^ * 3 t Xib 
Ja^ L J^ L*jj Y £ , 1 £ 3j-*-z — J d^> 4 iSj->-\ Ji XiJ ^.i-^ 

<J ^ jd ^ * Jl * 0 ^ Y A , a £ JJ t LjSlj-i^l 

j-y L ^Ll &) o^ Lg flJ Jjp^>- ^j^-JLlI X y>* *JaJ I jiiJ ^ i 3 Lu 

^ *&! _ &>-£' j** I Ja^- ^JLp ^ 4- la .d j il)tj LqJLp i 

* 

<->■ ^ 1 * * ^1 Uj^>Ja^ o jl *->-y j t i-pl — * /^V £ ' * Jl 

XLaXJI iil£ j>*yl oj^Ul X-jjj| [ ^s- jhASL Jujl ±>-ji ^yb j Xyu 

jl J ^yrs Jr JHj * w 4 ^ t (jpL«Jl JaJwXI JJi ^y 

t T A j-p-tij X^jVl o^^Jl XSL^- Xa? J-sLaj LgjLi \ g t. oU Lfll t 

cr^ p*-*" ' * c^l |*-*-^ 1* t>>»L« jl vi-~*o 

j>Cj Lj aj J j>- Ifriljji jy** ,j~«-lJl JJ^> J--I; J 4 ,j " 0 »t > H 

• al*» J5 j^SAil jj>JJ <Jy^ yj t <oyu Xji * } 0 

1 XsIa iill? t y*- jULl fiXajJl l »,itll ~T 

jL*ys*M J5 j|i U-ft t XX /T^ /s T Jl c^Ujt XJ j 

\ \ * 0 O J JlJ A?Ij J.LS "\ , OV J->e-I A-X fl-A.Il ^-Xjj y* ^ J -41 

iillaJl jf ^)l i^L^J] cjULX-1 j^*ZJ j i Jalj 1 * Ugju> J5 4 _p I ^j' .,^? a 
J^Uu Photons jJ J — £-i — <> — J t J t LjXlkj ^yJt XJL^)/1 

* iJj'yi XljJl oljjJLaiJlj oXXjJI <jl5 jj\jsy3 t^j ^Y* , AY * \ 

^yjl jl ( j^a-AJI y* **JL«Xi iilkJl JUG 4 J^a m . Ll& j^Xll JjL—jJIj 

VXIj a**S S^jl p*j> ^_y 

oLJajdlj oLo jJL*il jL ol ^ jlpVI ^ JbV t^XJl Jlj— J! ^p 

yy*}\ iJLiAt y *i£yr Photon o y jaSI ( \) 


- 0 - 


<jl 1 1 *U Sj_«_£1 2 ' XJ * jXlj— ill 

<j_JL*Jlil oL^ljjJl *1 jJ>~l \ ^ A * ^Lp Jo oJXLl ^Xl A^-pLla^N ! 

Contante l ^ 3 JLJI c^lJJl jl o ^Nimbus 7 j Solar Max yJl pj*>h 
^^dl p . u iill jl O-j*" t Ijo- a^j j_w^>wo olj jJa_i) o'yoJ t Solaire 

: <jcJLdl cjapl t ^4^1 ajoj! ajjJ Jo>U> ^X4 J- 5 l^laP^ 

^loUL^IiL^ \rVfl,0j Y f AUlj \r\AJ 

/, * i * \ o ^ju X JUtc c^Ldl IX& ^AiLj 'i H V A ^Lp ^Xo jo Oj_> I 
jV t Sj jJaX-Ij A^*_fcSll A-aJL ^jLjj *XUS w-JjOj t / * j 1 
/, \ JjljlX c^jl^ A-Oj 5 jO“_j ( j^-^ >w JL- l l ^ja LoUiJl 1 ajUXI a^S 

* SJaLJl Xj^Ui! XjjJtJlj ^^sijU^I-1 Jp Xm- j — =*-* cjN xz O-Uj 

C-<-a-m ^3 ^.i.ft.X ll ^j_Sj Ol JjXll (S^U^fl) O^tepNl ^^Jpj 

L jj \ fc T * * * JjL*j U Jp -Lxc X * ~ _. o 

Uj^p Jltej & jm* v-iJl 1 1 * Jl yx> jaXII 5 jUl wL*0> JjUj J^Lux 

l oj j_? JLil ^UjS/l Jl ojL^ij^iJj . Aj^Ul ^-^sl ^3 j ** A l l 

AjjLj[ JjL*-* Jby V Loj LjL^I j2S\ ^ te^Li sX X* jl 

j-oL^ ^XJl ^ l jJU *LoLS l l oJL*^ t ol — ij} ojU[ 

. 2u j 0,2u Ju l^ijr j* J ' ^ aJuJo j-w> Photosphere 

c i^-iS/i J i (3_^-i i*oNi i j-* pijiji iiUaJi oj 

Jj j^~ 0-*jj t UjJJi ^ .m- ^ ^ L*j jXj Lj^p jjj 

m f-LSjjJl aa-XS/I a*JLpj ( ^ aj jO 1 * * * 

wXJaJl ^y* ^ jif a : ,k.. m>_ ... l l iillaJl ^jA j^S t-jprj t- (0,45u) 

O^SCj tjXJl (jLi LLXb jdLsu-jJl ul5 tel j t(0.4u 0,7u , ^ju jj^2j>wa) 


^ JSJ Lumen j^\ j U jJil Ls>j> iill? ^ >* Lux ( \ ) 

, ji-bl ^ j Lumen ^ jA\j . ^ J^>U *Ult jda-ll ^ gy 


-T- 


l SjrUiJi ^ Xl** 1 (il 1*1 t 

l^x* ^Jl ijL*-*-i£Jl j-s^UaJI ^j-Hj 4 JljJ^Vl i^Lju j*jj-^l 


3 



g\j*H\ J>V UJ L j_«JtJl ^ UjUJI ItU^I ( \ ) J5Li 


o\ Jl •■* > A *l i l ^.i .^kJ l ^jjjJl i^l^p ij^ gj^LvJt jJjCiJl ( j r * Cj^> 

^jv pj t045Uj 0.2U (jv 5jj—s^a-»%il ^1 Xlj^zJ 5^1 SJL*£ 

L_j>Ix ^J£L£ t <c-^! ^jJt * -La j_}*— 4 >tj ^gdJl 1 2u ^ 0.45U 

Xly i 1 JLj^j <U jl jP- -> j^l *p%j <uJL*jdl S^jJaJl oUJoa! 


- V- 


j t i_J^-® *A«^SM ^jA+& ^*>%JlI jlJL^I 

„ 2u j 1 U ijy Lj>“l Jl jb\ ^-jlj^ ^Jl C*^ ljj»- jl iwdJaJ 

^yilalii J jJl <b^J* * <w i M »,*J l iiUaJl ^J-^I ~T 

: Jhll jcjSJ I JjLmJI JU> J^ill 

LgJjjjJ ijjl j^JL*i#l :>i ^ v> JLp EjiUJl oLgJI 4_iUaJ! j-Lva-* j_fc L* 

?S-L^ip 4-J^a j 0 ^plxJjVl 

j ^\S <1P j^p t \-X?r j <r*-^ jrr* ) ^ jjSUIl 

1 g ■! -^S s\ j ^ .%\ \ 6jjJ iuJaP jp 4. ; ./3 » (1)1 jJ-^ 0 I Jli (Jp- \ AA * pLtf- 

Ujj*l*j 1 ^ J ^ sI^ipVI i-t&i t*iUS£*»j 4 

t iJtt J£ Lg-HUaJ jl Lgp- n - ^J S jl . \-^fS S j$\j {j* 

4jUi*wj ^XOjJj ^\S)i)^,Jt\S J^LS' -b4 ij \ Ig iallaj ^1 i jl jJ-l <U*£ J^Uj 

ft . * * ^ ^ jLXa 

ol 4 ^ ^^^£31 Lj-i^dJ 4 Jlj^Jt ^p i»L>-Vl * — JuL> 

<u>lj ^Jl i^JbJl aJUw! J aJUpI aJLJl* Jl*j JUij C Einstein Lpw>j! 

Silil d)lj jjbiJl ^i*jf l5 * iRelatiuitfi g6n6ral i^L*Jl i~ — Jl -c^lai 
Coefficient de pro- 5^-^UJl t ii J? <_*![ j' Jl W-^f 

. ^J^oil ip^ gj> jLw» iiliaJl j a^Jl ^ portionalit^ 
i£y (j-* •JjV fliU S j\ iiUaJl 0 1a 

JlaZju I J ^ 4 J— 1 Ja 4 Olj JJl 

jl J L * . z .t6j l -LJJ-J l jlUw! j\ <5)jf ^Lp 

AJJ>J *J ^ 5iQaJb 0 JU iJLJl ii^Ui 4JU-A ji-l ^jjl 


- A - 


^ £ \ • = CuatriSion O ) 

^ A ^ ' = Trilion C)jJijJI 


IJla Jp j t(En^rgie Thermonucldaire AjUl aj;I J l) 

o'sVp-LOJI < j r » aJ L- jjp *j-~t>j Sjt j>- jl> ^jjUaj 

iL^i\ j\ t jjJU^JI iL^Jl J r JH^Lw- o^ULcU L.U iL‘UII 
jl jvjf a-U J oLp o’lc-LajJl olft fZj t (i jJJl ajjI jJ-I) Ajjij-* jJ\ 

a] jt ^jlJuJl JLp 1 « --L I ULc Lft s jl J-\ A_>- j j 0j£> <1"“*- a aJo**f j 

I |*j»Ij 1 tSjj un jli^^Jl Repulsion ^OlJiiM 

a jjlJb tj yu L» j i I /ojjSlI / |»>w<tJl ( aLwJL-*) AaL>- jl SjJlj 

. CNO 

. (PP1 , PP2, PP3) aJ^j lfti«ipj Oyjy-Oyjy jl oAik- — 

cjL^- J) Ulc Axil jJ^l Jp jlkJ ij ^>oll AilLil 01* t ojl^-l US Jj 
Aj'jjUx JJi ..jIf Jl 4^. pp J_p«=i f. (El£ctromagnetigues ^ 

. d jlL* jj-JtlJl jjUu ^ ' ^Neutrinos ol^j y y JSLi Jp j t 

iisu^ Ji jSl Ji lii o*ApUi3i oi : i-UijJi Lr ^ii\ 

Jl J*CU Jjl«^ Helium f Jl Hydrogene J 0^' 

0-* J 3 °1 * ^1-* ‘ £f'J' Jj ‘ AlliJl J J> Oj-1* 0 1 1 

ajujI aj-lij <j ±*> jJI Oii <3 j^lj <■ (0* J* 0j* 0 ^ * Jl J 

Jo Oli^® J -i*-f ( i — ftlxj ^j-aIJI jl J l iilt Jl Jo (ju^j* 

"V (J JlxII Ijl^j ^j^oJlJl oSl i J-aJI_j i— ij-l j^j 01 . >*j V UL)j l A-jliJl j 

. i— oljUu J5 41 r? ^ \ /o>‘* ^ p\diz 

jl Of J i iaii (jCljl 4jwU t ^JjJI AJ1j\ jJI Oj 

V LfliLi I JL! i iJU-Ajj eJLw Silil Wrr^ A : **a 


^ ^U|* oli t iJilo* aJ_j! ‘ Neutrinos ( \ ) 

* l jiUj j t U. « € - SjlLl ^ 


4 0 L f%*" *-~* j * j-*-* -'-*; ^ j. o^LaiM I l y» \^ajj 

i j^iLil 4>t>uJI jA iJbM liflljl j^j i jm*sA\ f- y +0 dll dr* 1 

J}L>- cJf jt cj^t ^Jl ajj aJi ijjljJ-l o^LpLLJI y> aJ — LJ 

• VHjtJ IJJlo.*Jl 

( Y j£*i) : ^ U ^ — I' dr*J ‘ *ri ^ 



.a* <v - v *-i 
,.•• •<■» ,*?• 

‘ .*+*'■'** '•: --. 





,^-sJi V? (T) j£*S 




4j j.1 C'LdjJl (JJ fll JnJ! 0 JU& J L ^ .Q.j J 1 J klA i ^jA X Y A 5 V ^ 

UjJJj t c5 ^*-+0 jUL* Y Y * JS\ ^1 L^i iaJwaJl t LgJLS" i* j JLH 

o\J tr^/yro *iyu U j\y 

v U ji'jjLJ? 1 TO jjj jL*JI (j^ 8 I jh^J 


ua'^~ a *-v— ' ^ { .--.^jJoj SlyJl til J?\ ^Jls- a jl jJ. | 

• j£*i) • ^ i Ji isliSvll u JtjL>cj j 



4 1 

7000 - 20 000 °K 

i _ , i " .t. 1 ’ JI ij£Ji islL^Ji j ij lji-1 OlrjJ ( r ) jXi 

4 £ill jlkJJ JLlrf-UI jUil ill jJl gUjVl UbJLi iilisai jl U Jb-^i 

/^Jl* ^ ^-T * * jUtlil £ }* * * t-XiiJ 

t ( _ > -» .ill * «! ■ " * • jj^tu Ijl jJ-l oU-ja ‘ (jUtJl (>• pSV * * * * 

lilT tnijV" yu ^jl j-uJ .1*1 jua j j_«I ^k_JI t jj "\ » • * ,jl* a*jj V U(jl 

' uy”^* • J ^ - (^-W 1 


bj\ L*i[S L^Jjl y~* aJLI? -w 

^jQaj ^{j fl ^jlii-l j_>t J ^Jt-JaJl dJj& j 4 iiliaJl di ^ j>tJj t 4 j ji 

^yajlw 4 1 o * * * * Jl ^y^jUM U jiai kjUaj J jjs* J^aj Zone radiatiue £w> 

4j o^JLi 1 ^-j U- l oliSsJljf ap*-^s 

. iiiiSCU r^ /£* , i o j s J i^jd 


l^j jl j>- 4 j *5^ ***** JJ LjiSU-^ 5-j- jU- 4 jLJc> -_>* 

olil tjjPUl Ap? jjS 4 \J^- bjyjXl ^Ua^Jlj JL>#! jjl J lJI J^l ol^L 

IjjO 4^-^Jj y}\ 4 OK-fll jLj J . / l di iaiiLij oJuJUi ^Li jSsJl 

4 ^jLsM j_^«j iiUaJl Jjij JU>wa J LAjI jj>- 
CjJJtjS J^w J-^) oU^Liul ol jLJl ejj*y '- r ~ r ~J '^y > ~ ^ J* 

ijig Ugjl U5 t Photosphere ( ^Jl SjLpU J 

4 jLgjJI w Loj jlljjJ jl JjgiaJl -t* jJai~ o^jLw) Oljj^ oL? y>- jj gk> jj 

P C/^ \ « *J^r* tJu[y*yM 


j ■ j. --j jj Jsjlj yJL -**- jj j^J! ) Cpj Ld-JeaU A^b^AAlJ I •AJIJro 

^ c^j j^*5juJI y* JjN t — * ' g :lV^ *>U> jXf ^dl 

^ o- 4 Neutrinos Salaires jJl Ljp- JkC ilSbJtdb jL^jVI 

OjJLa \ £ y 'l Y (J^Uu jA Cj ! i! ^jL oj L L. wb I yt*> 

aJNI tjij O^bpLilJl C^Jlf 1i|j i 

f y>J^\ JA y* bfeUJjj y]\ oI^j ** } ^ L Li»i 5j*-jj-JLil 

Ai jaj oJLA J 1 wJUi £AJ 4 , \ * ^ ^Jl J-^aj ^ .- ft ,. iul l y A^a^Li 

4 ol Jl^cJ jji ijiJl O^-Jjjl J£ ^JLJ aL^-^II Q V 4JL>eJ 

Om cT bfji J) ^Jljb 4 Cl J~~£- a!^uuu 4 J LJ 1 ^ jlflJJ 

^ j^u jl l^SCr t U-L^bj ^LwVl J-J-i JLiNi jUalibj 4 >,ia T >-Nl 

jLaJLjz^I a^^JLJI S— a^-LJl a— -j ^ j>ijJl JS'Llil JJ JjLiJI I-L& 


- H~ 


iUl&l <, Lg-Jp 

* j oJUb ^LjLjJt^aJ 

i*j^k«Jl iLli Jl JJL £ : La Photosphere ( ill ^k--) jjk^jjjjijl " d 

ji 3 jJL>- yj 4 S ^*LbJt SfrL^^j! oljs i^SUJ <^jUMj 

diQaJl ^JtJ ^^ijl ^ jL*Jl All o^aJ 0 .« Ul l LfcS t 1 jL|j 

L^ikl^ ^aibiij t, *£t * * JjbfLjJ 4 (^IpU^iVL iiLbJl Lgi* jikJ) 

4 ^JU^l! I ^ Sj^ U5 Ig^uiUJ. j>-1p _ jl 

SjL^juj 4 f\S i jii., o_ » t i l l jljLl j j-^-b j->— L* i-L®^ 

IjLp- 4iLLJg oljbJl 1^3 j J aJ AiJaJl jjir o\ Jjill 

jJu&) 0 ^LiJjNl (h) t i~*l _p 4j i r ^ 1 oL>-ji 

4ju^ll i*-iSll ^ /TV Uj^ ^SUj3 ^1 Jjj — II ^ j! tsyuAl ^ LiJa> 

o'y '-ij» J^j <■ tJi ,_yy fy 1 -*-* y f jy~^' 0 * * * <r'y^ 

3Jw>o jl t j^Li ^jUJi j^uji ^ aa; ^ls jNi Ja~ 

(*?— £ ife ^j-*-^J t ir''— '-^ dr* J 1 ..—11 oJlA li'^UaJl 

! U>Lc (joLUx* ^!l j,-.fl... *» j5 jAJl 

i olajs-^jL* jSLc V : La Photosphere profonde jJ i- ~ *_yjJii\ -1 

j)l — jjt y> Ip y ^jlaLil dJlA JSLILj 1-Xa jjIpj tA**iitVl j. la l l <L>lA-i 

j_|l spectre continu ^ o - t .- U i_LJajl ji*L» ^ oU> -J^-y U cnjU- 

(l,5u _j^l Jji>) Raies de Fraunhofer y y ^JyjL* jy&- j\ tju 

ij^o^ jll d j _L ll 3 Ji_pLs jLlCj t I^Lt ^uuu«> jjLo N ^ & -Lll oJUb A ^ jl 

cellules de convnc- 0'%^- ol y>^ l J* Lfj oljUll %jy> t y >^~ it LjJLL^j 

ol~> j, -L SjIp ol o jjs ^y-Juj t j^lall j\ jJSLiJl <LSL_J; <i_ij a .lam tion 

ia-*» ^Jl ^y y yC — » *\ Z j\j i jjwj IS y- y oL-J-l «JL Aj . Grains de riz j ^31 

h = 0(t) 


- \r- 


^1 sjuj t LjjJJj iliLf ip ju* oli \ Jliijl 4-?^^ ^*^L>tj Lgjl U5 
Ja^4 ^ (1, = 4 - , = 6) \y * 1 j * * Ocri L*oL*j' 
jpG-a lijLJ-I oJl* sL*>- sjla jjL>w N j i Y ^J[ — * 

^J[ ^ -— j M J jk 1 1 j-^J <■ J'>>^ j-* JL=-^J JjUo -by N j 

J^Ljj^/I GLJj JLJbj t ^y j^Jl oL^aJJI oLJjS JIj ^L^ Jad l jliJl 
oG-jJiil olt* Jj jj &J.A j jJl oL> Sj!^>- <>- ) jla.i* y t S jl^4-l oL> j-L 

j^Lo— 4-1 ^-*ij : ^ *- ^SlxJj t Jo-^i jJI ^y oJjL^Jl lj\ j— 4-1 4-^-jO 

(j^^o^-1 <LJLk fi jj-SJi,l o Lw -. -4 -lj 

01 '•—^ t 1 ^r - *r -.**> ^JL^- 4j jJ^.^lll CjL£ jJ-1 i)j * ^~v<U^Jl 4_w>-jLil“l 

, s*-jUkl ^ 3^1 <— i^Jdl Oyj y ^_-™>J 


CjU t, i^l jJl Filigranes ^kJLH j\ olSLjJl j-a*j jN-flaJ oU-J-1 o J-* Oti j 
ljb>- j-Jl ^JU-wa A^wJaX*^ C«ML>m j! i Lj^5Jj JJI a jty>- oU- jO 

u \ * ojjii j JJb- j t Gauss ^ y* } o * *) , -L-^Vl j o j-iJl oJl Lj^Jj 

, (Maxwells Jjj~*5U 


i-JUJL!l j iiLiSDl i yJ Photosphere prpfonde j -y-^ y jkJl 

JLp JLpL^JJ LpU^Jtfl IkLij 1 g -* A jilall l kJ>cJ La IjLfc J 4 l™w 

F AjuLa Ji Ikj frllapj 


jZs jJI ^ Ij^ L^iJ Lfr-i oJjLJI iJLj-iJl J. j^l L.1 

t Thermodynamique jl>J' *-> jj-t cj^I— U-i L^L^%* 

( i JSLi) -u*Ji *UiNUSjl J ~ l US' jAi'jNl £■ iiUS3l ^-aalbj 

^Lj Neutre cjIjS Jl b» ^-sLUiJij i^US^Jl 

oUjy^Jl J* cJ^I jl cj^J 0M- JJ-V* 

. biU ifr q* « jJ-t oUj oVUdlj ^LU JL) ‘ H=r Cr* ^ 



( jJ-ji jiJI) : j'>‘ **Wj* ^ -M <* > J 5 ^ 

al^^JdlUL.1 Ji-N t gijj ^ l^ 1 ‘M 1 ^J* ^ ^ 

(liT r Uih=03'Slaj)l J ?-jU“ a * 


4jla\±5 jbu : Photosphere extdrieure ^ jS-\ 

IJl* ,y*~0j ‘ V <3*^ ^ ‘ 

■_j.U ijjl JJ sju <■ j\ b jbs- ‘ Ijj-L^ j*^*y o* 

Fraunhofer jij&j j* b^a>- j»— .tjlasM »Aa 1 '- fl 

^.lij i^sLUl UlLzS\ ^jdlOAi 1 - WAV) jjj&jjj 0>i 
oUL"-lNl ^iUat -Li-b^ ^ jJE <-^' ** 4 -^=~ ia -*’ 'j- 1 * 

u jyu j~Ju j\ t b jJbjUl 0 jjfc iSyCj t iJl ^b^ ^ 
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Jlixil ChJ J dUij ^ oU- Jl l AJ ^ylik^Vl ^U<aJL*Nl } y>- JJ 

. <uiz> t ii iJa^^ii djU j iiiu 

^k**j <uiil>«Jil L^jL^_^j ( <*y>- V l ) Sj^Jlil Js 4)} 

boliApl (jf \ m **S 1 1 0 « f> i. f* ^ a ■ Va H \-^S j£J! 

£>\ y> 01 j^>- ,ji 4 Ua_j»-j j-fr <JjJ— 11 yi r tt - , - < Jl 

4-— j] Doppler jl j_^jLii U ^-jb vi-rf- ( J? jiaiM) «Jl» 

oLjLj a^i\ jX l$JJ1 ( \ Ao 1 _ \ A <3 T - ) jXjjj jS ggjL^>jJl 

ijjLfiiL aUstf4 (jjJJl £^il jj L* jcs* i ^yllill j\ t ^LSJl o j ./Jl ^Lajj! 
*\ji\ oLS' y- ^ cjU jLa: jj t [El let Doppler _> <_iyu U IJUj ju*I J l 

lg_pLJl SjL j Ul t iljil fllfe l$J _?l jJ^ ^1 oLLUJl 
Uj& ^IpJ t L-—J Vwjjj ki JsL^k* ol5 y>- _^i j 

j^_p oLSJJ-l ^Jl£* oy<jJl jXf aJ5UJI *Ju jl 

4 otjj^jL5 jjL^ejj N ^yJl ijukJl oU^Jl oli 

■ ^ iJteJ 01 ^j 

L$J-P tJjjcJlj L^Ja^-^Lflj UjbJL£ ^jl J? _jlai-l jl ^jj-| oJl* ilJLp| jl 

^_iJp jjr 4 jv-pjjl t o * * i * ^jJLp ^ t UU- 

^ J-P J«La^ t ^ e ^* J L ^ # * * * * ^y> LUJ 

jli I Juft ^jlp j t twiJaJl ^ LpliJjl J I ^1 oljUJi jaJj 

^1 Objr^jflji ^ysj L.^a_^ JJ ^lJU I^jLjLpI jl J? jiaiLl &Ju> 

. LpLiJjl oUUaJ! ^ Jj>- jj 

Oscillations oLXJJlj Superganulation j*£l I ^lidl 

ol 5 t iA**jd1 4 jL>ijI j R. B. Laighton j yj V i^LIji c*^l JUl 

SJLpLi 0L*i 5*i*i oLU <J^La>- 
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^ yL_* LL Jb kL^-l ^J\ oL-ljjJl oXa cL->- t LgJjy^ 

A^SL-jLjJlH yfcl^kJLl Jill JbJb>wJi 4 ^j^*JLU L>-jUl-l oULkJl 

L# jb \ jjaJl &1& i.J'PJ 4 oLiLkJl »JLa ,yJl ykl) 

j*S\ a£JJI oJla 0 j& yJl oL~J4 l)I . Supergranulation j~£S 1 ^«-J0 jU^ll 
^Jj t Lj yJ oLpL-* jJLp ^1 IajU_pI t &y> 4 jw^i oLp- y* 

t Lg_>- jJtj U j^JiTi y-* ^U-l cJjJl iijjjdl dk^kJ! y t 5 1 

y» (J yC yJl oil 4_i^P UkU ^}Lk ^aj Uoy^j jji l-L* 

t UU y* ( jhi*JLJI y* <ilkJLI iilkJl oNik-aj oL^ 5 ^k-p l M-^~ 

y* k*^ J j~c aJ-L Leighton o l^-^-jiil yJl o^w* jUJj 

ikj-S^ll t <ik>«it oL^j—JI J L$JLp j-#kj L?- jJ j!ii yJl jj-^1 

4 pJu* jyj'i/ jJ-pj 4 y^_Jl j Ok_*JJi oL>-j3 oLjLJ j gla 7 yjl 5 j,>L*JI 

OV OJlk 4 l^.,.. a * J j_5»- L^jI^ *& j&- Lc tljlS^p-1 OlSLil AilS *ijj 

k^L J j]p JjlkjAl jUJl j — j j ^a'l ^LiLJ^l 

■ jkJI jl 

0 yLL oIj li l^wwj J^JO Jj- -L ■ yp ojL*P 4 ^iljJl L^-U^o: jj^Vl gJ^Aj 

Jl : .*A’> o Leghton OyjN o^jlj L*Aj1 w-jL>»j^/I oJ-a y*j 4 cJjj^Jl! jkj^ 
(buk LJUdl Superposer ^sjiJI Lj-kju J ji Lfji-k j jt Stj^iVl 

i^jciLk! jLfkl aJ^)L>- y> y5lr 4 * *^ y ji 'k‘L^j 

:u£JB 

oLp^—JI J j-L>- Lj_JLp 4 a JJ-^ 

- jj Ja-y*J ijv Ai^Lill A^jJl Cjlyill J XxJl^ ^*kJ 

. j^kXi olp yvJl J jA>- ckyj lil *kJij 4 J k o 


4 l5')U>l a_*J jjlj ySJ j yjN Ljkp ^5Ldl Op 4 dili J5 £*j 

Ju^a>0 yJl ^11 j j^aJI O^i 4 oU ^ 0 * y>- J-^aJ SJjlyjj 
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jJl jijlp ojU*l ^ J L ^ d^ a Lf J L p 

Jj\yj}\ Jj ^Jl j j_*Jj t (a*j>1I jj-+&}\ CwuIj) 

ijl J-^ 1 V 1 ^ ' 0 1 *>• -r^ <jl ^ £^j' £? ‘ L 5 ^J^' 

t o ybUaJl oJU» j*-wudJj 4 4 _oLj Y* * * Jw^UJl ( J-^lj La JJP A^UpI 4 j>- j$ 

L^S%J j t ^jfjUJl SJuJLi j^jJl aaA aaj j-UJLj aJUL-iII cjU^^JI Jjjj_^- ul Oj^i i£jt 

J\) J 5 Uj> ^ r ^ sl JS" i^Ldl 0^3 yl^Jl jl Ju j-IjU 0 jj 5 ^ 

^s ^ jjJ-t 5 ^ 1 L_#u j t ( JJlia ij - 4 Lj — i w>UM j LgJli j 

^L-_j JLj^Jj t oJLp oLiJbij oV J lJ j g .1 > t t 5 jLiJl ,^-ha^JLII ^iM-p ol 

-Uli HIS ^y oLJuJJl aJlA * Ajb::, * J-pI^-j L*y a^-*-* j-** 

uiUSj t <A*J <JL^>-I IS j>* JJy j-A ^ Xp j^p j oLpLksj 

wfl j_JLp aJ^U jjL>uJ 0 M Jp 0 c— *J LgjV 

L^jI 4 Lwb c. — J c^L jj-iJI oJufc o| Jj 4 <*— IsXa jjh-J t oly_-*^LSvJl 

'il obr ^11 ^ oLpj- 4 ^» j! oUjll 0* (^ J**™* 

j+J a^U 4 l : >-j^i\ ol jIjia ^/1 &Aa <3 Jl* W t apL- ^y> j!iSt J£ f jJJ 

IJLfJj 4 y ^i!l oUiaj w> jl a^U ^LiJl yS ^JJl tf-X* JS\ 

j\is JjU pjf ^ 0 ~*xS\ jl J jii\ \J&i*j i lgJs»UiJl j\ L^jL^jUjI ■-_- * ^ 1 

l ajLJL^j yrjj AJljIyAl Sy£j j i^tjJl Sj/dl <oU 


dLL^j i>wdl ^ j Ux ^» j j£s y \ L^IS’ j*- o' US' 

iJjlC il-Lf-Lt iiil ^ll Ajjl^LA*i/l \Zj\S j^\ ^j-*J 2 >Xp 

iwo-ftl tuLS ” y \ jl . oLjdl Jl j]»'l/l oljj 1 •uis’ill ^y> 

u jl* liiii ^ j t ^ — “J >i , ^ j jy Ulj^> £j\j£j ^Jl w-Uj I jr^J 

Leibacker ^LJ j Ulrich ^ Jji jjUul -LiJj «. U / *20 jjl^S N -ii 

Ijljj- * e -‘-^ oLI j\a^a\-i 4^>-l..^ll <^J j.../jl l oU-^l >— Stein 


jl j ji) l^-i Ljili £* ( _ r ^iiJjl xj> til yv 3 Lf>y» t kiUi ^*j 1 j%»J-l ijUaj 

JLsj^S/l ^ jJjt- j Jj t jSll ol jfl ) j Jj*^ jil ULc iLJlf ( L f ..».. t . .l l jiUu 
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Lr 1 lJj Jl?" JL 1 1 j l jl 1 1 Jut t ^ ■ - 1 L<>.^ lJj IwmJ j ^S\Xj j 

Jlij Ijjfc t X^>\ jj* ^ L^k-vvJj i£jj LfJLp c 3 jjdJlj Uxjl^ ^xjl 

Jilii ^i_c- ^1 J^aJ J <3 jJ~ 1 oULS 

t UJp <J yC JA J j\ Hill J~a olS 1 Jj J t ii-ij n ' J -* 1 lS^'j 

Oscillations ixi lj-^i *J.X*%j J-^a jl U-f 

J hxS cJljL* j j-* I lfJ5j t OH £j' j -i 

LJiSj oLf-ij jJl ® j-* jJjLaj oIaj*LJI (jLj t 1 o-LS^ill 

■ y ' ' J y 0 Si ^ £j' fi U 1 ^ 


La Chromosphere ( jj** y j j£JI) ( _ t — y - V 



ULki t (h=320Km) yTY • ^Li^l ^Ipj J 1 S ja U^ Jl^ 

^>JwL>- -Up k £ T * * jl ojl ^-1 oL»“ji l jj>\Ji>i>\ 4_i jn"..-j i ULflljl 

t jljJ-l ol>- 2 j -* j t 4 *L*jjJ! <jL_U t 0 *\ * ^Uj! 

‘OLis cjL_p 1 ( £ ^JiwO pLijjVl 1 g . < JbljjJI ^ll 

I jJJj t^V * * * * * ' j ^ w-jI j\a*J* S $\ 

» jJLy OjJJl 4 a .,$ jjl aJL^JI JiCsi g ^ -*d 

SJ^Lill jjlp LjjjI jh-^ ^ j-£ t CpJj . *JU 

y V * • * * _ptj ^JLjj y y • • * ^Ljj ji ^ ■ * * yi J-aiJ iijy t o * • • 

. IpIAjjI j*JL*j* J j^vJl J^IAj 

^yp ij^L^Jl ^*-4*^ j j5lSl oj^l v— 4l ".->^ j 1 JLk 

Oj AjhU^J^ 4jLJ^ ^ J l j *4-^j jj jfJiJli 

Ha de JJu (S^ jJLdl) ijlillj ti^ljjJi l j^ Ijl?- 

^ j— ^JliCJl Kj H) H et k du calcium ionis 6 j (Q^jj - 1 * 4 J I Ha) I’hydogene 


h et K du magnesium j j* *■! OL-iVl ys-j (a j-bdi jl 

. kj h) II tjji in-iNl 

bill L$jLi£ j 4 <uijjj>%^» j~ i-..ijj> jj53l tUljLp ijli5 jj 

ol jLp ,y Ja^*All ( _ r aSbJI JJ-m y JSl iJ a^j ( j J o*b <cS3 j 4 

yfcl ^laJl ( _ rA kJ L *S i j-baJl bo bib-lJl f J-P ^ j^J ‘ 

-J_l_,li J\ oU-NL (T=6000 °K) jt aU^JI jaUii **>4 -L? 

. ^ J*lj5 fjijboii b-4 (T= 20000 °K) bldt 

Ha de I’hy- ^\j>- y~~t> — ■ ^"LfcJl ^ ^yll jya - )1 oJj 

iJL^L. i( vri I y O^) *-Jl SjU~. S£-i ly ? j J* drogue 

j . supergranulation ^-53 ol j^-j J^*l 

t UxSl oljL-Ji dr* JbJjJl Lg_*lp <il ^*11 ik^A\ c^l^Lwi.1 

di <J jllaLfl ^iUt Uljll ^^iVl dr* oJjJ-Pj 

p — -L| o j_*j CjI yL*ji*5Jl ol y-kp c5 ^- oLp 

1 ^J! L-g^b l g d^£ (j^L? Spicules (oL5j_mJI) 

J^aj ^ I j 4-Liit ^ Jj-S^J ia-r^ <■ ^ 

i5 ^>- cjN j-Jl.^1 oJu t j»5 \ * * * * Jt jAJl JSj-* Lg^lij^l 

Jbbjj ^Couronne jjjjSOl ^LJl oJpli ^^US/l j^> SjJpL^ 
, JsUj J oiw xjiNj j»5 \ 1 * U ^k* J^k N 

La Couronne (Ojjj^D ^lS "A 

t (^iJLJLl ^jUJl kJ'^UJI) ^5 dr° 

^a- S^S jiLJU V tSJJL fj jU j ^ S^Lp y& j 

js i «~. ^ 1 > j * Ur: * <Lfljj4j 4 jLa1 <. 

<- ^ jJjj 4 U^Lkj j%k^« y^-P <iSLij t Lgjl ^kl j dr* 


d ■ Ai l*."l 1 ft \ \ .S3 -l \ ^ *ljLpl A>^Jo ftJUJUpJ 

Aj J* -/all ^ya j ( 0 ^ JjJli-L 4-lxo^ll 

jl*j t _ 5 SL*U i J j* j-dl Ojl^Jl jSf tcouronne ojl y>- <>rj^ JUJL£ l)1£t 

oJbJli ) ll^ *-* ji t U-A \j&- 

aL* Li oLL^j ^ x <, <3jh-9 jLt»! 

(} jJLlll jl ^tlll aJb JLi CjIjJJI cIjLpIjwI i> jW- jl J t A^wJaJdl 

^ipj v oUrjjJl ^ ol j^JLp ^ajj Ajj-L“ ^ CjH 

L (. Ijl>- oU lIjIp j-w ol jjJl Oli t cMjLiJl aJ^xJ^ &-Li ^PjJi 

* lao j-iJ j L^jb ^ ^4**j t^j^nJl ^jIjJI L^o^Utaj jl 



, \ %\a c^^) djtf u ^ a^-5 cj j joji cr % 

(Uil * JO >a) . Jufccil uuu (djjjfil) lt 4 *** (rj* ^ 


j Rayon nement coronal <^\ j* 01 

' Cr* lJ^ ^ jSLo LJ 

La Coumne Remission ^Idl -A 

^ jj-1 ^ JbJuJl J ^ jiJ t . .. l l (jr* * jz -Lie V 

aX 5w* j^j 4 jil J jJaJl ^pU-l) monochromatiques <iJiS3l iJUj j£jj jil 

A-JLpj 1 1 JU>- Ih£L*aL* wJ L gJ^j-A 

. , * ^ j_^_*mJLS31 j oLl_*_J1j -buJ-l ^1 p J i ; fa * » 

4 (* Y 0 ^ 0 t \ * jl C-Job L^jl S Ju j — Jj 

^jj»j <jl ^JW JLiJ * AJt-o-^L^ yA jjfr L^L-JpI 

\ ^ An { _^ t 4 j j*-_>*JJ Ojawj A^Jp^-^li 0 j-A 

L^Jlp o j_*jJ1 t JpjjJLll 

4 U j Y £ \ V t\ \ JuLs ^JLll Le fer JjjJ-i ‘ jj*> 

^JJl ^ ol j-® \ * ^jjb tS-iJl Y t ^jAj ^JJl j 

Jb£ jl a JlA ijLJ-1 j 4 oi C.*-.* ^jb ^_J.iJl ol jA 

Coronium ^ Ob ^ j L* jj ijw dj^ 

- ^IjLp Ja 

La Couronne diffusante(^tll) J— J*\ ^Idl 

; Oi^ y y °jj 

C#^' J’j-fjj* if* 1 pj— <aJl J— y i5-*Jt K t_-S ^ll * 

jLS JA 4-jji «L* 1 J _>~'d '-^* jkr-“dJ 1 Jr - 

1 Iji^ - 1 ^J| ^ <* 1 | Ij^t j 4 ^ 44 *wJl 

iiL^p^fL t j W ,o,.till 4 -L-j j l IJju jts\ olil — a jjl ..Jl F ( J jll tt 

jij \j^r jJ j jLJ> ^ ijLp y> <. L» vl—Jl ^ Jjj — L ! j <. b> y^\ ^J 

.k\0* • CjU- ji 
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JJJi j Couronne ^n - J - L l 

U.^ j ^jS JLp Cj^+ > 

ioL^aiJl oL£ jil ^ li^UajI X ^j ^-5 t <j jU—Jl <*ill 

, ^piiL^Nl 

: Les irous Comaux 5^-bJl 

0 ^Svj L»Xp jJaiJl i_» ji i x S-*-iL (<iLp) 5ili cjLsQu ojL^p 

^j - gj jl ^ Ja^- ly* "^J 1 j*~^ ^ lAiLVX^l 

oii ,j1sLb SjLp 5-w^UJl t--<_j-5iJI (jH *-• ' 3> ,jr" Oii 

5^- Lg-j SjJiJ! is _^k>- jl jl 4 unipolaire ^JaiJl ( _ r --l»Li^ Jis- 
kj £Jl c-»U_jl Lj-Lp lj^ '-^aj 4 nUidJl 

jt L*-J eilll Lg.~ * 4.. . laal l ol j -v^jJ-aJL ejS'Jj 0^ i_A"^ 

^j-^JLil pfc j]pL* jt^l .JU vrWI wJjjiJl ^jki\ 5H* *0 pUu ±>jk+ 

Ljl-j 5 A---— j *1-5 Sj _^j Jj Lgjl L*5 1 c^jL> 4^»i ^ ..a lii £ ~*h j 4 Couronne 

. l^Jli 5£ jp- jl Ja^ 

; Les jets coronaux (5Jjj_^Jl) «i»Uj>i2ll -a 

ojlp olij-Liil b -La JaJ Jij 4 4yJaa3l ^jJflLlI 4-LSi— >b olillalil 5il^ ,_$* ^aUsIjj 
j j$- J Photospheriques dippolaires ^kiil 4_jLJ L i j ^ r J> — ^yj-ii\ 

0J 4 4jLLjt-» B J *&J _jl 4 jLL>- J^-k i 4 4 _o1a/« Lg^J ^k— Ja . * 1 1 «jJ i>jja>- 

4 is j^a- jl 5-51 j^> 5bU ,^-tlyl l^s j£ J&j <■ '-Lr olijOiLl SOpU 

1 1 '- j SJjLfc oUL—i > ^ uj 4 ^ -.b— .* - 1 1 {jf" Ij-Lol L»J5 oLs_jAill 

J\ jpUJ \j&»j 4^^U>oydl^5-5_^ 

^ 4_>- jJl* 4 Lr -JsLi4ii JiJ-l 5«w 5iJj Couronne ^Ldl i-o >^1 

L^U £v>- jl iy>- ^ iTraux coronoux 5-^-Ul ,yj 5.J a 2. 1 1 jkU.1 
olji *ii "--- t x 5_*-ilj 5x-*'^Jl jtLil kj*-J>\j oLila- JSw l _^s> 
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J jlalj J t ^Lj^SslL jJJ CjUj jXS^l) objy>-j jl O Jd* 

, ^J a i UI JiJ-1 «^ix^ aJ ^bjj ^Jill cJ jJl J L^pLj! ibjjj oUIJ-l oJu 
iXJ^i Couronne solaire ojl yv- jl ljy>4 J j-iJl y JbN j 

Jjj 4 ^LojjVl lAA p \ jj y*5vJ j* — A j k^-W3b A>-jjJ 

ijUaj LjLkJl obi oIjLj) olll oljLjJ bJNl aJILJI J vULli 


L’activit^ Solaire J*LiJl - j 

tliJij 4 Ap>ljJ> AS-Oj Ju Jj>tlJ] j***u y l Js L*.b J 1 JLp o jjd\ (jl 

j^lj t^U jl XXij l y*^y J^Lw AjI Jl asL^^s/L t, ^UaJI i£jj^ ^ j5>J 

J-P jba ( j^X 4 A^SljJl ^O^jij 4—ii^Jl jj g Li J ft,»7 ij <J| ybOiJ 

^NL>u bslS ^j 4» *J * ol jJLp o->y^l ^yJ! oL^ijjJl y5\Jj t^Ja-Jl 

Radio eLeC'(^j^_j_? a^j^jT j-pljJl ^1 yaVl i y aIjLjI ajj j-^il *■ a Ml 

a y*Ll? (J y* O — J A- *_jJl ^LJiJl jl ddu 4 X A*^il y^ j triqUC 

o^jJl ! <Sy~ ^ l tj-^ SJ-j-ljjl Lg-Jy- Jyp yix V 4 U»jaPj aJj-*-^ 

, centre act if JUi Jy dtsparilion j 4 revolution jjlaill tLa naissance 


Jbj b^p wjIjp^JLj wjJ^- aJL^jsJI jp^l Jl aJLft LpJL^- { yjl djbl j/i oj, 
^*iJj t a^^aSIIj Sjjia^L-1 L y yr 1 yl L^lMj^ A*^a3 j JlJ IJLI oJLju oULwa 
|jj 4 jOl Ufcjjla_i iJL)tjaJl jjJp i y \j^S ljj«s a : ,. ^, .! b i , j<i.l Jj^aJ-1 

• A^h ^wJ 1 Ank^ . J^v*. ‘tiJ \_y ^ * ^ ‘ ‘^ ^ 1 A*4<1j^ 4j jL>os jj%lo 

4 — JoaJI jbl jl j_a — lU jLwr)(l JiJ-1 o| 

JbJLjJl ySLc ^JJi ^ j t (Ua--J GaUSSe y J& 1 ) L ; -„J 

JlSvJL; 4 <*-**& y jl aJL_>^>» Lp jS yP j 4 A*q«&1j 5 j-li ^iSSf l J 

d^L jj (J-^ A_^>b>- 5j j +/ 3 1 (jl y^Xj 4 4 ^ .. . i ,^ i. J l 4 j . ■la* w 1 1 


* ^ ^ U Ip 4 La J^.,a l3 l 4k^_l | ^ jJ-J t jt^jMl 6 

' . p ^ i ^ - j^T ^ ^ j — jjJl a JLpLij •kfljUl jjl o L m-Xj HI oU^PO l* (ju a^— *_«a 

Flux jLJl jl J-ull j Gausse 1 * • * j \ • • * jjj £j'>S |*_i Jl 
\»0 j^Sj Ujk^l jrf * i ■ j (J *x t Max welle ^ \ * 

• ^y 5 - 

Tube aLi LU^ Concentre i J j* ^^---kJll ( _ r ^JI Ji»- 0 JU U£*j 
jl Jl ^a Jp-Lii a*C i l .* - j tijLajJj J kip-'i jL-j ^«a a — jj^_>s Tubes ^~t#l T *~^ ^ ^ 
Rotation dif- JLsLijJl jl 1 

^ jS\ 4 *j~j i-ll _^-Ml jklil jjJJ <±~>- -*if- l^-tsU ^ ^-Ul- ferentielle 
Dipolaire i_Jai!l JUI Jill J_*aO '■*£* J <■ UJ*Jl >^l J 9 ^ ol^i ^-> 

Jp U j\~rlf S j jnS'JJLI J* -dl J ol JJI <J >$- 4 J'jj^ J* 5 " c^l 

i i-jl j^*a>Nl JsUi! CjJjJ J C-tUL»“ o-tP Jp 1$ — Jti J_p- *IJ»aMl 

JjLUtJL 1.XJ jl *i*Jj 1-* lfr?La.U- J>Jj a ij*j} oM«X-xJJ I °1* 

V la ^.--'W M JjlkJl Ha lEnroulement 1^51 Jll J LJUJl oUlJl 

j\- a jJl S-jt Ur t^ku IfijjJ J Jj Jj- Jp ilj ISJ ‘llf> 

J a_._iaa.il ^ £-lks J*-J> I ^ ~ :l l L5 OjL>- j| 1 j ; : >UI 

iil a Jpj ijjlj Replonge ^.. laa . T . a JjaJ i polarity positive v_ ->-JI >— j' la a i .aNl 

juj a Polarity negative i_jUaiL— Ml jl a__J»a!I j* ^Uai S^* 

j JUI J> Z>JLj ja Lignes de force o jill J» _>JlJ <. 0>pUaiJI jalft 

JL*_aJl £ )S jJjj IJ&ftj tCouronne ^^JtJI ^IisjupU Jj < Chromosphere 

. Centre act if 

Les taches solaires J £kUt 

Jil i_j j_JMl SjJ i—’j^l jl S' iiliSj OJ 

J UjJj—laj {j* Jl Oj£> JjlMI (J'b *_>ljJ-l i>-ji 6^ Ua-S^ {j* l^a>l 
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4 jl ^JaJJl j2 — kj L! <w?UM &JLfcj 

to * * ^lp Sjl jJ~\ ±ij N Noyau l\ ^JL ^Jb iJl c5j^ Jl 


^JaJLSl j\ ^-aJLSCJI t JLgJ^y ^ jy ^ ^ V; Ja-** Jl 5 jl 

. A li jjy* L^j i^>tj Lf 4 *qJlU y^l j JLj Sjj^SVjI! 


Lj^iLi ^jSvX ^Jl */. ^ f ^ Jl*jj N j jSj1\ JaJLI iJ j ^Sl sj^JLJ! ul 

UL*i jp 153 L* 4 * a «* 4 -ii^ *J ^5 4 tlJJi 4 t j F .., 4 > _. *J l jj Jp 

I ^ ^5 JU-I Lfc? K ^_g*lall A ji fl JuA 0 } 

jXy N_j 4 1 j^>^ U J JL^Jj t Pollux ou Dubhe (B j^ 5 N 1 ^ijJDj Aldebaran 
J jJkM L*1 4 Jb JutJl 4jL*J^ Lgj Jk-^jJl Oj ^ NJ 

: aJIp 4 plk^-l oli jl SJjJUi L^U — 7 ( jd\ 

, (B= 3000 Gausse , Flux correspondants de 10 20 a 10 23 Maxwelles) 

i*^Vl JJl£ j^) iiJb oLkSfl 4lx..d jj l| Jb 5 jjdJ \ jJifj 

<_JpI effet Zeemann jl c) JjJli jJIxj Uljjs- t ,T Jl iL^Jl Jp JaiU J 
tj& Jinil Couronne ^tdL iL?L>^ tU iiiS J iAkJ ol jJ coL^Sfl 

^Jdl 4Penombre y*IJI JJiJl J jJjaJl Ij ( wlJiLS) £li oj j'o J&j 

^l) Oj£jJ 4 j.^ m e^M jJjdJl tj|UJ si jjl f^jy L*-i*-3 LJLiol ULiaj 

IJu j 40 jiJl jjg if 15 <JLuu j\ iiLo» Jp jJa^u Zebree IkL ^. j (JdLLJI 

c ^ Jiu*ll Jji*- jdb * l j j I bi*^up Ji Lj-<3 oilU uL L* 

■ 0 * 1 Ji J* 

oLS i"~ ^1 j r ^1 JLj i^jiJLSdl j\ jJl oJLgJ UUJ1 jl jj — j 

( jAw ^ jJl *■ j* ^ . «tjj j-ajl ijL*_pl ^ j*5L*J-l 


wi&if ^ij-*^ 3 -! A i j^ai l 

. Lfci I J^S luu JiS/l ^^1 p j\ 1^-i Jjap JS <bts^j jJU 


2^a\jt jjJUA <2 JaJt* i^l jpJa^l AaL^> ^P ojL-P A-ii£]lj 

t pSA * * * * j \ * * * * u*j UjLujI yJj Magndtohydrodynamique t Ijl>- 

^ t U /p£ £ Jl J~^aJ isrj~+j ^jlAJt JLpI ol jLp o^Lp 

<. U Y JLp -^Jh N AP jp^mj Iaj^Lkj jjjjUJl S lXpLj oIjLp 01 0^ 

Mol- A-pajjLo v 4 -A l-a Ojljp^- wjU-j^ t jWi 

jl ^1 i 1^-jM SjLiNI ^y> JbVj t(Tioj Mgo jCah !lUb*) dcules diatomiques 
^ L-iil jJL*J 4 j 1 ju»- ^ l Jiajl ^ i bj yiJ' LftL^I Jj*Jj ^ — Ja^j.1 

. P6nombre 

Faculess JL^UoJI jf (apUJI Am»«JL] 1 £jJl) apUJJI ^Jt — \ 1 
{^Faculess et condensations coronales ifrbdl c>l jisUj 


c3L*_p! &L£L 0L*-*-Ulj ij\ J-l ol> ^po^bJ J \ — JaijJ.1 JiJ-1 

Jjj jSj JJlaJI jiil oUJ? fc oLc-UJj'i/l t Jll 

JjLsLl iS^ji t^UJl j - y Jl** J-4 Jj£}\ 

>_ i b* bfl IJl&j Sjjl^bl Aib^Jl o^Oji ^^1 1 

Jl ApiUtf-VL t hjJu* y j-4 Jl Facules apUJUI ^LJb 

Lj ^>- * jL>- j ^ ajv»V t Condensations coronales ij>-Ul ol 

oJjpbwfi » jpftUaJl o-Loj t aJUi^JI JpJI jll ^Lp ii jJL 4 ilAUi ^LpUJjI 

w^Lap^SJs- 1 oL^Jl <p jiibl j p ^A . ^ .1 j^j jpaJ 1 

bp*A> t j^wlSO <L^aA>! £> jA U? A-^jjf^Jl Aj>-j^ 

JLp LjSL^L^ jby Des plages foculaires 4 -pUJI ^Jl ^ b* j jia^j 


JSbU j * t u**j* OlvJJIj JjjJl i-bj Ji oUliu^ - Faculcs ( ^ ) 

« SjLp ^LJUl jl wtlSCll 


- TV - 


j L^J IJj\ Jl wll J J^l ji & 4 _*j J ol^i-* J^Jl oljLU j 

uj t LIwj Gausse \ * * j \ * 0y w ^-\jj£ LgJl a^_^&V|j & JJl oJL 

^ ^,» . ■. ■« 1L£ L ^ 4 ^ 1 \ 4 -1 ? 

j jSJ oUJl&JI ol Lo5 t (o j! LiUlj ^JuJLI 3 

3 J JLLj LgJLij>«jf jt*jj t jLii^tj ^IjjluNI 5_*_^Ijj SjL>- 

. Radio £lectriques jd^l Jl oU- J' Jl «U*NL x 


* ^ ^Les Protu berances ^Vi-\\ 

^ A ^ g j oljL-J JSLt ^IwfVl ad-®* JJhlJjJ 4 ftJjLJl 3l J-A JJ 4^*Jj 

LJj^L?- Ua>- 4_^. : kJill JL3-I ojJ i> Ji>- lj-^J ^aJjAI ol jJLll 

L-J J#*“ J 4 *Aj J* J^ \J ^ J J- 4 * J^-^J 4 j 

4 iJdL^Jl i-jiLA-l ^ jJl Jpj 4 Jl *&*-k*j? Jp L**Up Ha J it^U 
ol^ Jl y t XJ-Ji CjU» J-! 

4 4_^v jmJI O^IjiLoJl I** t ^t_li**Jl IjJL>^ la, * L * w Jl l*^” ^ 

vo- 0 L 3 JJ^I J oLJ JJl j^jJs Jl <u-J Jl LjjL&L^-l jji>e_-a 

Lg-zS j>- ( J *uuJj J^LJLj jl ^ ^Jl (_J J^l j lutes 

^ ju La^j^-P 4 ^jj LjtJ I 0 jj^-Hl ^Ups^VI JSl J^l 31 4ojj^JLil 

ol J 4^^ # * ■ # f * Lg-^v- JJ? 

4J (Jl jr 1 jl L*' ^ D 1 * * ^ 

5j jSJdl ^\ J"Jl * 1 M * * * * uy m 

i^L^j j\ 3 JI J iSj^ J-* j jS^S\ j! Jj*5 <0^™^ 

J aS a^>%^ £ Jx>J Jij c Ljj i jJI L^-Jj j 4 ■il- : ^*-- , l 

: jsf c/^ f U <J^~> 1 Cfs* j* ^ fl ^' 

jl J~J f-jJ _ $j j) _ ? ki " : Les protuberances quiescentes Sl^L— Jl ^L^.Vl -1 


. protub6rance= Ejection de mature, Frcquemnent observ6l outour du disque Solourc ( \ ) 
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Jy>- .t.L! oljji 3 Jlp L&y-P ‘Aix j t jJ^LS oLjj eyi 

„ SjiU ttjj+aj V} ^ S \ * * * * * ^L-^Sl 1 o-La ^U^jt JjUcj N j 4 L^-jfij 

LJL>djJI LjJl 5 jl^i : Les protuberances actives 
flJub JjLlCjj t, iaJL® oLpLw- ^Juj jjLs J i Oii Lfljuyy 

Jijj U5 V 6 ^ J oIjhJuj JLjJ Lg-^3 ywj v SJb JutJl Ifl : : £yLjJb 

. L>- yJU OtjL**4 A^JL* t Ufljl <taJL 6 jyySU y^ y* Lto-ily 

: Les protuberances emptives jyJl olji iylixVl 


| J-^aj jl y£Xj c U /^5 ^ * 1 ^J\ LJLp y 

t y^jLU ^Lijijl U>^ly ^iXJ Ji j * * • * » y*j Jl LjjIpUjjI 

» jl£ll ^y ol y SJp j'liXNlj jI>hjIjVI Oj wlij 

oi pi iJU^L U j j L-Jy ^yJl pL-^Sf I y-* ^yil — >* ^iyC cUJLla -3 

J jJ Jji: yj i Surges (L*JUJi ^L-^Sll) ^L>- j^J\ ^L Jyj ^£J( 

^y oi yja^JLS^I olJL* o~Lp Jt oLpj — j J^SLLj 

ol JlJ oi y> jl^SCJI oVl ujIjJlp oJ-p Jl LjJ ^U^jl ^y J-^Jj t 


- ^Ja.*vJl olyb )yj 


L’evolution d’un centre actif (JLiU) JUi y - \ Y 

yjJi\ Facules a_pLqJJ 1 ^JLJlj ^LJLJ' jt waJLSCJl ^ : ~ »t 

pro- ^li^Sflj condensations coronales iyjjj£}\ oLiJLScdl j 2 ^ . 2 . ^ 

L yuJl l j ^ ^ J-pLi^j ^LLJLJ JLi jJI iJLdil ol jA Uadi ^ tubdrances 

: UUI Jij j yUill I JLa t L Jl*i j^y 1 L 2 ily jt oaly» 

ji cJL. N t j 53 i l >w> i f>^' ® 

Ponctuelle £w»Sft jl 1 (yrT^) j' l+«lji 


&L^bj 'VjUa^ 4 X OulL y^Jlj jL*-*JL)l JLJL*t 4j5Jj 

* i jg ***a i Jjih>- .ill ifT^L Iju 

^Jj! y* J** j+1^ : y^l f jJl * 

U^i U^j yo 4 U^i iJU i?JaJ L^jy jl N Plage Faculaire ipLJUl 
<x>\yS Lj/-d j 4 p 5 Y * • * 3 jL>^jJ N ji Penombre ( y I j Jfe) J*lt O-ju 

* A * * 1 * J \ 1 * * * jIlJ 4-P j*mJ 


Plage fac- ipUJJl ^JLJl ^ i5 yJ N ! j^UJl j lIJUJI y* jJl yj # 

oL^L ^JjJl yil t y^iaJLll JLpLJ y t ^L«aVlj j-aJI y ulaire 

LaoJlp Jl? ydl Aj j^llll ^JaJUl % \ l ys j, *S Ji-Xp j g laj L*5" t w^jP / 

JL Jpj Life L>rJa—u ^ jfrjtlj ^ia_A_3 js t 4jlii i ^JLp JLJj _*l j- -/ j > JL?j jul ,*Jj_P ^ ^ j ^ 

yp \ \ t 1 is»LJj t ip j jb ■ llj y*jS/l 1 ^JlP AIj^Lws 

^ * V Cv4_Jj yJl \ ^ i V uL—J r i_p J jjL£ y- y ; ^5Y 0 * * * * 

y?jVl LdJ k iiLvJkl y» ZA * (J^L^j L* IJ-aj t y^jJLS^ Y*Y * * * 1 4 ol^JaJ 

aJL^S y_J J t oy Y 0 yjj^l jiaJ cjix-^p y*j j t Lj yj ^JJlj 

^tiaj JL <Lw^A> <J^£- uljj^ cjb^jaijL? t ArtjLj 

li LmSLa^ <Jlj li L«5L^a Liy>- jl UUJi I iu Lia3 (yJl 

ip aJL^ yS <iJ Li cJljtS 3"^ J^- fl J^ w— ■ 4-Llljji t JijJl ^cJ^Ju 

L y yS^I jJl oL>tiaJ O l L*jb 4 — SLrIji 4 : .la^ U^J J 1* 

t IpL^JI ^51 j bJLp Ljjl U5 l JjJLH oUJaJ iijUiL (Y _T) ^1 y*>-Nl y 


ipLJJl £-5Jl * Cji y»-* l\j j^moUI-I IaJ I jp 1 ^ 

4 ^1 ySl \ Ifi yJl 4 ^LwjNlj 

U&^ j y~‘i ^p i? yLl y JLJbJi L Jj^l \ iU ^1 

^jCj\ Ji Jr* [* — ^d t Zj£ iSy* 

. lluIjj ^ ^ A *^ a ( jSb 




^*1 jJl X ] 4315" I ^LJl ^jjl ^jJlj->- ^ 

^y jS\jJ\ ^iyJ-l <J Ua-x — jI Jx*_* >b jpjj t ol£XJ jl cj J jl cUbJT 
4-P j-L*J LaJJL^j t f-l jl-rfVl aU^L 4^*3 ^-i-ll 4 03 jJ 

, ^-.UaJl ftJLp-j 

^lUJJ * ^jU^ A i jMj ^1 jJlj ^LJl ^Jl Uu ^ 

^JUl ^pUJJI ^JLJl ^Jl*-* ^ r - ^lj^-1 J LW .. J — j lx> t iJjb/l 

. Jbu ( yil>*j 

J jb ^.ajl f-ljJL—Nl Jai- jtj-* (jS'ljJl ^IjJ-l jJX 1 aJU j,_ij pj-Jl ^yj 

* ^y**jjjJl ^Lil^Vbji LaJLaj IjLj pi u 4 J 

A JJ - /3| ‘ V| Ok-wjajl ^ L 4 'ill ./Till J 4 L*LC J ■* (wflj ^jjL^vJl 0} 

j - * *> Ur j-m^1 oLp ^yt ftj : * -^li ^LajSfl oli ^JUljJI ySI ^1 &L_^ j t Ijl>- &jjU 
0 J JL*JX» 7 jl OjLp ^A*J 4_*_Uli jjL>Oj Xjf < 

jjjaljj (j l jlj J-J- XjLp JLo jJjl t uU-p-SlI < _yj 
otj j U" X j JL>~ jUk^I JL-_?tj ^ySLc t UaJLs jJL?l Ja-^j jl 

* 4j^Lp jJ^ SJlSj-* JjuLldl j jljLhJI fijujo* j^ju ^JULiji 4 yx® 


Les eruptions Solaires olpliJLI^I - \ Y* 

y® ibx>w* U-UU* yp SjL^P ajL t JL*_J1 yS jil wii j-jC ySo jj - Ljf 

4 XU 4wvJ ob ^-Aji t, oJUJLJj 4_ 1 ■ n i. . il a, i,t ,4 J jl ^x; t ur ^xJl 

jr^-^ y ^ 4 0 J-5JI jk>-j 1 1 JaiiH 

l^i^Uajl 0^^“ oXa> -UaJU y <a . ^ 4 ^jL ^-1X5 3 jXJ i ^LxJ! 

Jo— Jl jU JLaJ jS^ ys J j^2j ^LjI j i Al^Jj t 0>s j' 

4XjL bl j AjJ'IlP iJ15w» 1 wiJfJL^- Jj t L^j_jJl>- oJLpU ^jr^J 

l -la^ll U^UJ yj| ix& jl Uij-^ j-® y t j... .w,;jl j JxyJi aJj^LUj 
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a -L I a « « } 4 SjLd-l oJla ^yj t ^Ua$l jj, $ k yp jt 4 4j jL_Pj 

. * . .^ t iL jJp 4 -JUj 3 j^i l^JL>- JLp dasL^tll Nj t oJjLa* jJj*_j 

y J^L>- La y*-& ol y oJlp 0 y UaJ! aJLfc jj&jj 4 JJ-^ 

0 J| Y JUu yliJL^I JpLtJi oL*)U J yly Jj! j-fr^ j 4 JLuJ j 4 y 

4 _*jg ftjj -/a_i j LytJJiiJ ^“ljJiX 3 Jj-*d 4 L»jJ ^ ^ - \ * LjJjjS ^Ll 

iJe^ Ju Judl JLo J y aL>- 0 y J^>L>- yiaj IviS^A j 4 y J^Jlj LM ^ jJl y>- 

1 j-w^ ‘ 4 . ^JLSl ^jpj^-l oLpUJjI eJL> J[ t oLpLiJj'lf! y 

oiJ *4 J* N oL^L^a y yjj Zj~~-*-*a } I oLpLJjJN tj 

y ^Jalw 4 -woJbl jJl5S/1 oLpUjJ^I j! ^jvp- y 4 4-juJI o I j-1-* j-L51] I 

La ^LiJGl jl jljy *Llj ^y> j-L_£ jLX> 0 j ^ i js r > \ jjj cjU-Lp-a 

Jil On ft j j -rl t ^ — L-«ll Jl^-l y$Ms^ ^JjydJ 4jUaJl *w*L*j 4 Hfllptioil 

Electromagnet ique y5 oUL**il Jlj LS^^r* jl <S y- aJT oUs» 

. i_ jj.LII oNUta jw> 


(x oIpL**1|j ijj j-JI ^ly*V0 iwiJaJl yj* ^L Ljl ^j^hj 

U5 Lw> ji) ^jly- y jJJai' j' Ljl y l1ULj6j 

i jj^iil Uu* 1 y Ja^jJ ^UaJl X^-jj 

( _ 4 P J tOL*-*JJl SJbJLJ^ <i->- j-kJ^a J=-j_yL jl i-a y-S/ y>-Lill J J g lal L 

i_j Vi SJLp ^LiJjl (l-L^ J-^-aN) SjJ^U_- 4 u-S-U- yL^lj 4 Lg — w^ljAj ^ - ^ . l l 

.^dl 5 JipU^ol^jJL 53 l 

U_^» iJUbLi J^J t Sy Y 0 Y * y jl -bjJ-l ia y -1 o| 

44^ ji 0 j-JLa V * j Y * <ju ojlyLl w?L>-jjJ 

la el a ^j| y y Jv^i oLpU^^I (J^i KljjJ- L dJJi l^jUr JL? t 4jj_t* 

oJjb JLp^Jjj 4 J 4-1 oji ^ Jp 

Ljjid oLi^j jl iyi luL>-j^j olyi JSLi jLyS/l yJ-pl y oLpl*_Ji^M 
1 SlL>j j\ dt CjLl J 4 w-i>Jl 0 JjX^i 
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(J jjl? x_-*Sij*S ijfu JLwfcll ^>-jL>-1 -J* 6 t£ l 

^ * ul 4 4 ^>-^JL_ 4 l 1 4 a ^ > L al*Jj Sj^jaJl _U^iu> 


^LpO <j;jUJl ^LpI ^ oJLij 4 4 _ : _ 4 »„& ^fl <JjL cjLI 

olj j i ojU jj j^JLj JJLojj ojj% C^jl-iJl ( 

^iJl ^jl^JI oLv j_a < t...-m>..llJ 1 c-'Lp'LiJj'Vl L^S toll j J. ^!lj 


\^u j^uj JaJL>-j ^*Jjb C^bljJa^l l.^t'A I iJU*u j^JLUj tjl 


* oj^SJill ^JwsS ol ^*J 


Lerayonnement Radio dLeetrique Solaire ^ . ,»» , J . t H ^Jl — \ i 


iilS JLp Aiib-'>La J& Radio 6Ieetrique L^fS ^Ij UU^I jUaJ 

LjJU jJL^a -4 J 5 j 4 £»l j}\ ^ IJL*- oJUJLp ^L»wN I IJla j,}lva^*j tOls^ll Jl j)& 1 

* 4^ J J A J J -jd i (jl ^/jSxXj 4 ^£Sl jl i*L*J ^SjX ^5^)0* l 

^Lji_*;| jl j&j : [/emission du soleil calme aJ^L^JI ^La^I -I 

cJ -,^..,t.]l l_ 9 ^ 1 p L-^-Jj jj 4 ^£^Ah^SM dO_j AXia^^l* jjSic iT-ol 

iijXJJLl I I Aptijjl <J-Ia 4 ^ip Jl^Ul AaLajj 4(_JjIaJ| 

la I L j^Jl^ij^J SJLpUS jJjJ j\ L/j J Aj ^ p ^ ' >-— — Jlj (o^uJULlI JI>Vl oli 

^Vi U t jjPJi jut j Llj t*l» Jl l>Sll oli ^ySll 

LJ5 t JI^Vl J \S Jj i^LJl llr ^U jlkSj Lts L^ i>dl Jl >Vl Ola 

■ iS j' jy^l ,y> S jLp 


t lJU J-^ - 1 A . fl-Lt*l_Jl ^ J* 1 ^ 

g-UI oli£j ijjjJI oNjlJI JU jj.la .7j i Jl _JVl oli g-l^-*S/ 1 




(j^-llJl) ^jjjPlI iJIPJl l j& J- Ua . j jl CilIJ j I J - -» - ~ H i^-Sjl — _^- 
L„» SJuL-Jl oL>-JI JIJjIj t -iJl — M—dJl j_JI Jl Jlp jl ^ a -..^-j (_g-i.ll 


-rr- 


a .... ^ .* * jj ‘ 1 l f JxiTj t i jJLa™*o jJlj *LjlfrXxJl tj\ ^US'I 

, U Ip ^JLp JL>»i 

,jm Lft £j\jk t> ^iM^.iill -UUtjJJ JXXj 1 oLi^^Jl — j> 

t (JLjLpUjGNLij t SJljtJi]l J_?l ^11 J^Loj^l 4i_*j j 1 CjLpL** ol^ 

SjjSJdl loLb^ jJ! olijt aJLLLJlI j\ ^Jx^dl oLpLw^/Ijj oWj-xjj 

(oU ^wsL>-j) 4 j j^-5vll j — Si SJbJ— i ol£ ^->Jl Jlp j ; L:; 

. <IwbJt jl iJUoaJi J^UlI ^w? oUJb- jill if jia^- ^ 


4 ZJuJlJ* SjI j?- obr j i oli i L^JLs^jij oLS'j^- jl 

GjLkjj) oXJbJl j^Lpdll XjIji ^JUaJl ^1 jjji Oj^iUll 4^^xJl ^JlT J i 

oL> oLS 1 i i i^oLiSl ^ x*oJI * iSj ^ ■ 

Lj_La JJLC jAj o JuP jl CjLpj^_>i-a " j 4 ^ V * — P > 

J jJaJ UcJ iJjJ-ij L II. Ill X£ V i 4_i j j^il ^SL^jJl p-fcl j t bx>w<» L>*^jX 

i_jLUV j Ljj j-^j o'y xjdJ j\ o4 j,*a^JJ L*-J j 

JSbb IV Jl> J U jJ £*ji jl; t^XJ III jl>Jl ^ olir ^1 01 - 

J_Y dm i o>- j! Jdjl j j-Sb^ 4 i^S jji)X^- u ■ bl*- 3 b5 

. C *\ t I V ma l J V mf 4 ^ 


J»LI oJL*J L^jl jI <, 4 _j 3_*3J* I ^T-^J>f H,,il3 1 \ 

L^U_5^j CvLp ^ybJj tilU-AJl jll JJpUlI ^ itvJ) 

t 1.0 ^ ^ JW ^ j-aJI t III j I j- 4 

. t L*J ^Jbj oJx- dLLljJ Jpli; bk>j 


-ri - 



Ill jV jU jJ (Tiji j Jil! 


-r o - 


Le cycle de 1 1 ans (V UU Jb-Sf I »jj* - \ o 

J^\ jj jjaJ I jtiaJJI J?L*ijJl o\ 

ljj2 0JL4 t b*L UsULi ^j^hJ i i^w^j jjl Ik 

N j^3j t ^JjJI il LJLi ^JaUl £>J* t <j; t UI p ^JLp Jb-I 

^JaJJl jl iwL_P jj < — * ^r > ' 4 j-o— P £-* JjIjJL Lk,ilj~p1 wJj 

JLJL*jdl SJbljJLj oLpj-ajh*-^ <-4 (^JJl a — ij wJjjl t a 4> . U . t ,..< S jj*&j 

cui j L^a ^JLP ^*51 IJL Slfcj t i^-LJJj jH^jl oJbl^Lj UiiaJ jl ULL? V*o >Jt T< 

^ JbV ^iUi ^ bJUK» 1 Aa I_Lj ^ t ^^yJapNl J^ULJl 

lUhlioU^UI 

^kJJl jl ^-iiSJl j*gJxi ^ ^A-^Sd JfLIjJI cu5j (_y t.5 ' t L* o jj^ 4jlJu ^ ^ 

j-tSI t j j-p jXiJ t SjjjJl t± °40/° 42 bl*Jl ^^jj-aJl ^ 

JLJI J*LJJ1 ^i\ jj^L}\ dUi j ±0/10° jl>- 

c oLpj-o^il Ul c Sj-JfL* 
* T 0 J ^ * ^ju ^jlyj ^Js- Lgi^i 

^jviUaj ( Jj t LstAb^ 4_w.l-a.ijJ I ^bbll j^laJJl j\ w-ilSUl j $* } 'V “ ^ 

Zones royales J^ ,:jLa:ll <juIa *' j-^^M Jai- 

jrViJJa. 

s_i^ajJl ^ t Lfl C-Sj t 1 j a_a15 C-iJjI I jl —V 

j ..Ui jl j Jdl i>Jaill j\ <uKJl t Artjji?- A. — Jalwji A-JaJ JU-iJl 

ji l_._J:3_'..» .J 





a.lSv-»Jijjj(V)JSLi 

LU1 ydl y I 4 SI j»U*j 1 (jw— u!t^' jl p 

tUf ■•- j-ii oJ iJLLJI i jjjJI OjSi N li* ^lj i£kUI jl i-iLSJ1 Jjl tljljJI j * fijpl JJ*AJ 0 «j 

. ijjt.Nl vilflt Ckj rtJJB US J-* U* U jjii-r <US31 i— -U' W U» >J 


-rv- 


ydi 




\ Ao t _L. * uu jl* Jb-Sf cjIS ij>jJl (A) 




^1531 lLijjl^- cJ J yli> Sli^. f !jl^-U couronnc (^jj^D ^ ij±+ f 

£*>j jt jj— J t li*wj ^ jL*^ ii»Ujl ^ x ou*jL f 1 ' f ^ ^LuJ^ r * 

oljLdl ^ JiJ -1 i jJ 1 *^) *-Ai31 ^ t ^^**3 l- 4 -i** jjJ OILj^I 

Ij^t* jP C) j^sJ 3*i*nll toljLiJI iJL* ULtU Cjs£&* <iL~* y* W-tJj 

. (iilu olil>- JSLi k*p\p- i^i iJmX> i*~ »I j j 


- TA- 


> Hi, ft , jjl ^ jil ^JaJJl 0 «L>*jI bl i L* l jjz - i 

i ojjjJll 4 _a*5^L*_* 4^JLa3 4jb i a . s* ! \ \ Li c oJL>*_>9 4 . - 

, 4^ ^ \ UL^ Y Y 4^....,-4 J ..t.l) SjjjJl SXa oj Jjpi!! ij£-$ IJiCtoj 

Sjj.5 j|-i iJL^Jj * Lj-j L* ^ 4j jUiltj L^j 4^?L>- 4js jpi- ^iaUl ^wa_=hJ — 0 

^jO- t LnjJ Y 0 j \ £ (3 * J ^ <J j_>- s-I^Ia-'VI ^Xp L) 4jJaJ j 1 <jUS 

j|J 1 bjj 'Y £ > Y £ <3 jaJU-j I j »™fli (J y>- Oj^jl ej^ l)1 

ipJl/^TV* 

• l 5 _>' ij^'y ®^' 

la Cf 4 ^? 1 ^LJLjJi LflLp j-wS' J&-\ 4_Xjj^o OJjJ JLpL^> 0>L>- *Y 

\ * y> jS' J y^ yJL^u t ^ Lp y ijjlXJl ipjH-iM | _ r £L*J J5wJ t L$J 

y y^i I L^JU t (jviaAjl oJl& U^ j~^jj tA*j 

UjjJU Jic 4^*5 jr ^1 jJ>\ protuberances &JL* ( _ 5 JLp — Uj tAilSb 

jjuJ-l j jl SJLiJL*i t diijl odAj 4_J jjjJz cj 1 jL*j jl tyjjjS oLpLs JjI 

. j»U JSJb' 

^ LaLp ^_JLp ~l?-I j<>.:..,J V 4.,l.w u fl.ll SjjjJl j^i t ^51^1 ^ j 

I j-* J t 1 Ui Ja ;^a ^UtJ- *»U O'if dUi l La Ip j_JL_P 4*jL*j J tf>7 «i*7 

U Sjjj ,_iKj Jjl J-J ^ I jJLp ^JL^t y^Cj 

* 0^1 jXv j 

jt ^_jiJLSC!l 01 4 La ejjjd Ijl&j 

r Y ^ju £ j\ jJb A^aj 0 j^L3 JL*j 4 L* ojjjJ aJLjIjlJI oUkUi 

\ A W yfc U * jjdi J jiaJl b[i 4 SjjjJl ^JaJ J5^tj y j 

. IrtjL* j 4iA*v2Z«4 Oj£j kljljjJLl! Ok c O 


-r<\- 


